Wild pepper (Piper capense L.f., Piperaceae) is a spice traditionally used in western Cameroon to make soups called 'Nkui' and 'Nah poh'. In the present work, the essential oil hydrodistilled from fruits was analyzed by GC-FID and GC-MS, and for in vitro biological activities, namely cytotoxic, antioxidant and antimicrobial, by MTT, DPPH, ABTS and agar disc diffusion methods. The oil composition was dominated by monoterpene hydrocarbons (56.5%) responsible for the pepper odor, such as β-pinene (33.2%), sabinene (10.0%) and α-pinene (8.9%). The oil induced a concentration-dependent inhibitory effect on human tumor cells MDA-MB 231 (breast adenocarcinoma), A375 (malignant melanoma) and HCT116 (colon carcinoma), showing IC 50 values of 26.3, 76.0 and 22.7 μg/ml, respectively. The oil showed total antioxidant activity with a Trolox equivalent antioxidant concentration (TEAC) value of 140 µmol/g. The essential oil of P. capense proved to be an effective scavenger of the ABTS + radical, with an activity only about 30 times lower than that of Trolox. Moderate activity was observed against the Gram-positive species Staphylococcos aureus and Enterococcus faecalis, and the yeast Candida albicans. The notable inhibition of some human tumor cells is worthy of further investigation to discover the possible mechanisms of action responsible for the observed cytotoxic effect of this essential oil.
In these studies the major volatiles of fruits from western Cameroon were again monoterpene hydrocarbons, namely β-pinene, sabinene and α-pinene (46. 8, 17.4 and 14. 4%, and 59.3, 14.7 and 10.5%, respectively), and sesquiterpene hydrocarbons, namely (E)caryophyllene and germacrene D (4.0 and 5.2%, and 3.4 and 2.5%, respectively), but percentages were slightly different with respect to those detected by us. The aerial parts of P. capense growing in S. Tomé and Principe [2] were also characterized by monoterpenes such as β-pinene (32.5%) and α-pinene (8.6%), and sesquiterpenes such as (E)-caryophyllene (12.6%), along with a low content of sabinene (0.7%), and benzenepropanoic acid ethyl ester (7.8%), which was not detected in our study. Finally, the essential oil obtained from the whole plant collected in Kenya [12] showed a different composition consisting mainly of sesquiterpene hydrocarbons (43.9%) such as δ-cadinene (16.8%), β-bisabolene (5.6%) and bicyclogermacrene (3.3%), while monoterpene hydrocarbons, including β-pinene (7.2%) and α-phellandrene (4.8%), were less abundant (30.6%).
The antioxidant activity of the essential oil from P. capense was evaluated using DPPH and ABTS methods. From results reported in Table 2 we observed that the oil showed lower antioxidant activity in the DPPH assay, while worthy of mention was the activity against the ABTS + radical. On the other hand, no reducing capacity power (FRAP assay) of the oil was pointed out. Proton radical scavenging activity is an important attribute of antioxidants and ABTS + , a protonated radical, has a characteristic maximum absorbance at 734 nm, which decreases with the scavenging of the proton radicals [16] . As shown, the essential oil from P. capense was an effective scavenger of the ABTS + radical with an activity about 30 times lower than that of Trolox and the scavenging activity was much higher than that against the DPPH • radical. Factors like radical stereoselectivity or sample solubility in different testing systems have been reported to affect the capacity of samples to react and quench different radicals [17] . Wang and co-workers [18] found that some compounds having ABTS + scavenging activity did not show inhibition against the DPPH radical. Low values of DPPH scavenging activity were also reported for different kinds of essential oils with a typical monoterpene hydrocarbon pattern [19] [20] [21] . In addition, the discrepancy observed in the results of ABTS + and DPPH • scavenging ability might be due to their different mechanisms of reaction: ABTS + assay is based on hydrogen transfer reaction, while DPPH assay is based on electron transfer [22] . Evaluation of the scavenging activity of pure compounds used as standards, conducted in our laboratories, showed no activity for α-pinene, β-pinene, and (E)-caryophyllene, and very low activity for limonene. Therefore, the antioxidant effectiveness of the oil, as already demonstrated [19] , may be due to the synergism of different constituents. To investigate the cytotoxic activity of P. capense essential oil, we evaluated its effect on the human tumor cell lines MDA-MB 231 (human breast adenocarcinoma), A375 (human malignant melanoma) and HCT116 (human colon carcinoma) by MTT assay. As shown in Table 3 , the essential oil induced a concentrationdependent inhibitory effect on all cancer cell lines tested in the dilution range 0.78-200 μg/mL. The IC 50 values of the oil were 26.3, 76.0 and 22.7 μg/mL on MDA-MB 231, A375 and HCT116 cell lines, respectively. The cytotoxic activity of P. capense essential oil may be attributed to specific components of the oil. We tested the cytotoxic activity of β-pinene and (E)-caryophyllene on the same cell lines used to analyze P. capense essential oil (Table 3 ). In a previous study, β-pinene proved to be less active than α-pinene against the same cell lines [13] . According to Bakkali and coworkers [23] , sabinene has also a dosedependent cytotoxic activity when tested either alone or added to the essential oil. The concentrations of β-pinene (33.2%), sabinene (10%) and α-pinene (8.9%) cannot fully justify the cytotoxic activity of P. capense essential oil, which means that some other compounds are active, probably sesquiterpenes such as (E)caryophyllene (6.3%) and germacrene D (3.8%). (E)-caryophyllene showed cytotoxic activity against the tumor cell lines (Table 3) , with IC 50 values in the range 45.3-63.3 μg/mL. To our knowledge, also germacrene D was active against tumor cells such as human breast adenocarcinoma (MDA-MB 231 and MCF-7), human ductal carcinoma (Hs 578T), and human hepatocellular carcinoma (Hep G2) [24] . In addition, minor components could also contribute to the cytotoxic activity of the oil or be responsible for synergism along with other compounds [25, 26] . Results of antimicrobial activity tests are summarized in Table 4 . The essential oil showed a measurable, albeit low, activity against the two Gram-positive bacterial species S. aureus and E. faecalis and the yeast C. albicans. Activity on Staphylococci has already been reported for the methanolic extract from barks [27] , while no data were available for the antibacterial activity of the essential oil from barks of this species. The moderate activity against C. albicans has been previously observed, but was measured by a microdilution method [10] . Given the differences in the methods, the results may be considered comparable and the activity presented herein as a sort of general positive control of the antimicrobial activity test. A remarkably strong activity was observed in a previous study using an acetone extract from roots, whose composition was, however, not determined [28] . Comparison between activities of the essential oil and three major constituents of the oil, namely α-pinene, β-pinene, and (E)-caryophyllene, showed that the last may be responsible for the activity observed against all the bacterial species, except for P. aeruginosa, against which neither the oil nor the pure compounds were effective. In the E. coli culture we observed an inhibition by (E)-caryophyllene (zone diameter of 8 mm), not accompanied by an appreciable activity of the whole essential oil. This result may be due to the relative low concentration of (E)-caryophyllene within the oil. On the contrary, C. albicans was only susceptible to both forms of pinene. This may account for the measurable antifungal activity of the essential oil.
In conclusion, the high content of monoterpene hydrocarbons found in P. capense essential oil furnishes a typical pepper note and supports the use of the plant as an odorous spice in African traditional cuisine. The oil was an effective scavenger of the ABTS + radical with an activity only about 30 times lower than that of Trolox and so could be considered as a good food preservative. The essential oil showed notable inhibition activity against some human tumor cells, being worthy of further investigation to discover the possible mechanisms of action responsible for the observed cytotoxic effect. Finally, the results of antimicrobial activity against the bacterial Gram-positive and yeast species may sufficiently support the described use of some parts of this plant in the treatment of some infection related conditions (e.g. wounds, vaginal discharge, and sore throat).
Experimental
Plant material: Dry fruits of P. capense were bought in a market of Dschang (Cameroon, Menoua Division, Western Region). Identification was made by Mr Nana Victor, taxonomist at the Cameroon National Herbarium (Yaoundé), where a voucher specimen was deposited (N. 6018/HNC/SRF).
Extraction of the essential oil:
The dry fruits (80 g) of P. capense were ground and subjected to hydrodistillation in a Clevenger-type apparatus using 750 mL of deionized water for 3 h yielding 1.98%, w/w, of a strong smelling. pale yellow oil. The oil collected was dried over anhydrous sodium sulfate, and then stored in the refrigerator (+4°C) until used.
GC-FID and GC-MS analyses:
For gas chromatographic separations, an Agilent 4890D instrument coupled to an ionization flame detector (FID) was used. Volatile components were separated on a HP-5 capillary column (5% phenylmethylpolysiloxane, 25 m, 0.32 mm i.d.; 0.17 µm film thickness) (J and W Scientific, Folsom, CA), with the following temperature program: 5 min at 60°C, subsequently 4°C/min up to 220°C, then 11°C/min up to 280°C, held for 15 min, for a total run of 65 min. Injector and detector temperatures were 280°C. Helium was used as the carrier gas, at a flow rate of 1.4 mL/min; injection volume: 1 L; split ratio, 1:34. A mixture of aliphatic hydrocarbons (C 8 -C 30 ) (Sigma, Milan, Italy) in n-hexane was directly injected into the GC injector under the above temperature program, in order to calculate the retention index of each compound. Oil samples were diluted 1:100 in n-hexane and injected in a volume of 1 µL. Analysis was repeated 3 times. Data were collected by using HP3398A GC Chemstation software (Hewlett Packard, Rev. A.01.01). The relative amounts of essential oil components, expressed as percentages and mg/g e.o., were obtained according to a reported procedure [13] .
GC-MS analysis was performed on an Agilent 6890N gas chromatograph coupled to a 5973N mass spectrometer using a HP-5MS (5% phenylmethylpolysiloxane, 30 m, 0.25 mm i.d., 0.1 µm film thickness) (J & W Scientific, Folsom) capillary column. The temperature programme was the same as above. Injector and detector temperatures were 280°C. Helium was used as carrier gas, at a flow rate of 1 mL/min. Split ratio: 1:50; acquisition mass range: 29-400 m/z. All mass spectra were acquired in electron-impact (EI) mode with an ionization voltage of 70 eV. Oil samples were diluted 1:100 in n-hexane and the volume injected was 2 µL. Data were analyzed by using MSD ChemStation software (Agilent, Version G1701DA D.01.00). Whenever possible, volatile components were identified by co-injection with authentic standards and isolated compounds. Otherwise, the peak assignment was carried out by the interactive combination of chromatographic linear retention indices that were consistent with those reported in the literature [29, 30] , and MS data consisting of computer matching with WILEY275, NIST 08 ADAMS, and a home-made library (based on the analyses of reference oils and commercially available standards).
Evaluation of antioxidant activity
DPPH free-radical scavenging activity: The DPPH free-radical scavenging assay was carried out on a microplate according to a previously described procedure [31] . Extract concentration providing 50% inhibition (IC 50 ) was calculated from the linear regression algorithm of the graph plotting inhibition percentage against extract concentration. Experiments were conducted in triplicate.
ABTS assay:
Radical scavenging capacity was measured by a modified method originally described by Re and coworkers [32] for application to a 96-well microplate assay [33] . Trolox was used as positive control. Each experiment was repeated 3 times.
Ferric reducing antioxidant power (FRAP) assay:
Determination of antioxidant activity by ferric reducing antioxidant power (FRAP) assay was carried out according to Müller and coworkers [34] . The ability of the essential oil to scavenge the different radicals in the assays was compared with that of Trolox, used as positive control, and the activity of the oil was expressed as tocopherol equivalent antioxidant capacity (mol TE/g product). Tests were repeated 3 times.
MTT cytotoxicity assay:
Human colon carcinoma cell line HCT116 was cultured in RPMI1640 medium with 2 mM L-glutamine, 100 IU/mL penicillin, 100 μg/mL streptomycin, and supplemented with 10% heat-inactivated fetal bovine serum (HI-FBS) (PAA Laboratories GmbH, Austria). Human breast adenocarcinoma cell line MDA-MB 231, and human malignant melanoma cell line A375 were cultured in Dulbecco's Modified Eagle's Medium (DMEM) with 2 mM L-glutamine, 100 IU/mL penicillin, 100 µg/mL streptomycin, and supplemented with 10% HI-FBS. Cells were cultured in a humidified atmosphere at 37°C in the presence of 5% CO 2 . The MTT assay was used as a relative measure of cell viability. Cell-viability assays were carried out according to a previously reported procedure [35] . Cytotoxicity was expressed as the concentration of compound inhibiting cell growth by 50% (IC 50 ). The IC 50 values were determined with the GraphPad Prism 4 computer program (GraphPad Software, S. Diego, CA, USA).
Antimicrobial activity:
Microorganisms included in this study were: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Enterococcus faecalis ATCC 29212, and Candida albicans ATCC 24433. Antimicrobial activity of the essential oil of P. capense was assessed by the disc diffusion test, as reported by the European Committee for Antimicrobial Susceptibility testing [36] , with previously described minor modifications due to the nature of the substance tested [37] . Ten µL of each reference compound (αpinene, β-pinene, (E)-caryophyllene) per paper disc was used in the control experiments; the known antimicrobials ciprofloxacin (5 µg
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